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1.
.
$I(q_{0}, q_{n}) \equiv\int_{-\infty}^{\infty}\cdots\int_{-\infty}^{\infty}dq1dq2\ldots dqn-1\exp[\frac{i}{h}S(q0, q1, \cdots, q_{n})]$ . (1)
, $S(q0, q1, \cdots, qn)$ ,
$S(q \mathrm{o}, q1, \cdots, q_{n})=\sum_{j=0}^{n}\frac{1}{2}(qj+1-q_{j})^{2}-\sum_{1j=}^{n}V(q_{j})$ (2)
, $V(q_{j})$ ,
$V(q)=- \frac{q^{3}}{3}+cq$ (3)
. , $q_{0}$ , $c\in \mathrm{R}$ ( , $I(q_{0}$ , q\mapsto ( $q_{n}$ . $I(q_{0,q)}n$
, , $s(q0,$ $q_{1,\cdots,q)}n$
, , $t=0$ $q_{0}$ , $t=n$ $q_{n}$
[1].
, $\delta S=0$ ,
$(q_{i+}1^{-}q_{i})-(qi-q_{i-1})=q_{i}^{2}-cqi$ , (4)
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‘ ’ , ,




, , \leftrightarrow ,









WKB , , (4) $I(q_{0}, q_{n})$
, .
, , , $narrow\infty$ ,
$\delta S=0$ (= ) , ,
. ,
, WKB ,
$[1, 7]$ . , WKB exact
, WKB
. ,
. exact WKB ,
, .
2.
, , (4) , $i+1$ $i$ $i-1$
. , $s(q0,$ $q_{1,\cdots,q)}n$ \mbox{\boldmath $\delta$}S $=0$
, (4) , $\delta S=0$
. , $q_{i}’=\epsilon qi$ (2)
. \epsilon =1/J , $\hat{S}=\epsilon^{3}$ S ,
$\hat{S}=\epsilon\{_{j}\sum_{=0}^{n}\frac{1}{2}(q_{j+}’1-q_{j}J)^{2}\}-\sum_{j=1}(-n\frac{q_{j}^{\prime 3}}{3}+q_{j}’)$ (6)
. $\epsilon\neq 0$ , \mbox{\boldmath $\delta$}S $=0$ (4) , $\epsilon=0$ ,
$i+1$ $i$ , $i-1$ . ,
56
8 \epsilon , $\epsilon=0$ , \mbox{\boldmath $\delta$}S $=0$
‘ ’ $q_{i}\in\{-1, +1\}(i\in \mathrm{Z})$ , $\epsilon\neq 0$
. , $\epsilon=0$ , , $c=\pm\infty$









[8]. $q_{i}=-1,$ $+1$ \epsilon \neq 0
, \mbox{\boldmath $\delta$}S $=0$ , $\epsilon\neq 0$ ,
,
.
1 H\’enon $c$ .
, $(\cdots, q-1, q\mathit{0}, q_{1,q_{2}}, \cdots)$




[9]. , $carrow+\infty$ ,
,
. ,
. , $c$ ,
. – , $carrow-\infty$ , $\{-i, +i\}$ .
, , $|c|\gg 1$ ,
$c$ 1 .
, ,
. , WKB exact
, ,




, $I(q_{0}, q_{n})$ (
) . ,
, [10].
exact WKB , Aoki, Kawai &Takei
[11].
(1) $I(q\mathrm{o}, qn)$ , ,
[ $7|$ . ,
(New turning point) ,
, .
, (4) 2 $(q_{0}, q_{1})$ $q_{0}$ ,
, $q_{n}$ $q_{1}$ . $n=3$ ,
$q_{n}=q_{n}(q1)$ , $I(q_{0}, q_{n})$
[ $12|$ , – $n$
( ). , $I(q_{0}, q_{n})$
.
$\bullet$ : qn ,








. , $(q_{1}^{(i)}, \cdots, qn-1)(i)$ , $q_{0}$ $q_{n}$ (4)
. ,
$\bullet$ : $q_{n}$ , $q_{n}^{T}$





. $t$ $q_{1}$ , $q_{1}$
, $q_{n}$
. 2 , $n=5$ , ,
Lagrange ,





2 (a) $q_{0}=0$ Lagrange $(n=5)$ . $(\mathrm{b})$
’ . , , –
.
, , Lagrange












3 $I(q_{0}, q_{n})(\text{ }, n=3, c=10, q0=0)$ .
, WKB (
) . , .
, . ${\rm Im} q_{3}=0$ .
, 3 ,
. $c\gg 1$ , ,
, 3 ($n=3$ ) , 1 , 2
. , –
60














1. $q_{n}\sim 0$ , 2n-2 , , 3 Langangian
.
2. , \pm \mbox{\boldmath $\pi$}/3 \mbox{\boldmath $\pi$} .
, , ,
.
3. $q_{n}\sim 0$ , Langangian ( 3
) , ${\rm Re}$ qn , $n$
, , $q_{n}\sim 0$ .
4. ( $2^{n-1}-1$ ) ,
$0,2\pi/3,4\pi/3$ , $2\pi/3,4\pi/3$ 2
${\rm Re} q_{n}$ .
$n=3$ , ${\rm Re} q_{n}$ 2 , $2\pi/3,4\pi/3$
( 4 $(\mathrm{b})$ ). $n=4$ , , ${\rm Re} q_{n}<0$
, ${\rm Re} q_{n}>0$ ( , 3 –
). , $|q_{4}|arrow\infty$ , $2\pi/3,4\pi/3$ ( 5 $(\mathrm{a})$ ). , $n=5$ ,
$-$ , 2 $2\pi/3,4\pi/3$
( 5 ( $\mathrm{b})$ ).
, , ,
( $2\pi/3,4\pi/3$ ) , ${\rm Re}$ qn ?
. , exact WKB




, , \epsilon $=0$ , (1) Airy .
$n=3$ (2 ) Airy ( adjacency) ,
Howls [13]. 4, 5
, $\epsilonarrow 0$ , ${\rm Re} q_{n}$ ${\rm Re} q_{n}=\infty\circ \mathrm{r}-\infty$
. , \epsilon \rightarrow 0 , Airy
.
, , $n$
$I(q\mathit{0}, q_{n})$ , ,
$I(q\mathrm{o}, qn)$ . 3 Langange
, $q_{0}=const$ ,
, , – ,






, $s(q\mathit{0},$ $q_{1,q)},$$\cdots n$ ,
$S(q_{0}, q_{1}, \cdots, qn)=\sum_{=j0}^{n}[\frac{1}{2}(q_{j+}1^{-}qj)^{2}-V(q_{j})]$ (9)
((2) , $V(q_{j})$ $j=0$ ), $I(q\mathrm{o}, qn)$
, :
Tr $(I)= \int I(q_{0}, q\mathrm{o})dq\mathrm{o}$ (10)
, ( ,
). Tr (I) , .
, . , large parameter
$c$ .
$c$ , $c$ .
large parameter , , $c$ (
, ),
, , $c$ ( ) .
, quadratic ,






. $q\mathit{0}=0,$ $c=10$ . $(\mathrm{a})n=2,$ $(\mathrm{b})n=3$ .
63
5 . ,
. $q0=0,$ $c=10$ . $(\mathrm{a})n=4,$ $(\mathrm{b})n=5$ .
64
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